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Cutaneous atrophy was induced on the forearms of 4 
volunteers by continuous occlusive application of clob-
etasol-17-propionate for 6 weeks, after which time the 
steroid was discontinued. Epidermal and dermal 
changes during the subsequent rebound "flare" were 
monitored for 2 weeks by light and transmission elec-
tron microscopy. An exhuberant hyperplasia character-
ized the epidermal response. Within 2 days poststeroid, 
most basal cells displayed fine structural features typi-
cal of highly proliferating cells. "Dark"-staining kerat-
inocytes appeared in large numbers 4 days poststeroid, 
preceding a 4- fold maxi mal increase of viable epidermal 
thickness which occurred at 7 days. The stratum cor-
neum, initially very thin, increased markedly in thick-
ness and displayed the typical basket-weave appear-
ance. By 14 days, Langerhans cells, which were absent 
immediately poststeroid, were again present. At this 
time, the epidermis returned to a nearly normal state. 
Dermal restitution was similarly rapid. Initially, fibro-
blasts appeared very active as evidenced by widely di-
lated endoplasmic reticulum filled with flocculent ma-
terial. Ground substance increased continuously, reach-
ing normal levels by 14 days. An increase in postcapil-
lary venules was noted during the rebound flare. 
Swift epidermal and dermal changes are evidence that 
topical corticosteroids are rapidly cleared from the skin. 
The vigorous epidermal hyperlasia reflects repair of the 
atrophic, suppressed epidermis as well as a response to 
desiccation consequent to the loss of the stratum cor-
neum. 
Despite their manifest benefits, long-term potent topical 
steroids produce a large number of adverse local effects. One of 
the most troublesome of these is steroid atrophy. Due to their 
antiproliferative effect on the epidermis, steroids result in the 
production of an extremely t hin viable epidermis, with virtual 
deletion of the stra tum corneum. In the dermis, the fibroblast 
is the target cell of t he steroid, becoming attenuated and 
inhibited in the synthesis of glycosaminoglycans. This results 
in a loss of ground substance and consequent t ight packing and 
rearrangement of collagen and elastin fibers [1-4]. 
Knowledge of the rebound "flare" which follows discontin-
uation is limited to clinical observations [5- 9]. It takes the 
form of a rapidly evolving dermatitis with intense redness, 
scaling, crusting, and even pustulation. Investigators studying 
t he atrophogenicity of steroids are less familiar with this re-
sponse and generally do not comprehend its inevitablity or its 
pathogenesis. To date, there have been no experimenta l studies 
of t he rebound flare in previously normal skin nor is there any 
knowledge of t he morphologic events. 
We created steroid atrophy in normal skin and followed 
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sequentially the events that characterize the postdiscontinua-
tion fl are by light and transmission electron microscopy. We 
report on t he relatively rapid cutaneous restitution hallmarked 
by a vigorous epidermal hyperplasia and swift return of ground 
substance. 
MATERIALS AND METHODS 
Experimental Design 
Four healthy young adult ma les, ages 20- 34, served as volunteers. 
Informed consent was obtained. Clobetasol-17-propionate crea m (Der-
mox in, Glaxo) was applied 3 times weekly (Monday, Wednesday, 
Friday), continuously for 6 weeks, to 4 a reas of t he vent ra l fo rearm. 
The cream (0.2 ml ) was placed in 15-mm Duhring chambers, fastened 
to the skin with porous Sca npor tape. Three- millimeter punch biopsies 
were taken immediate ly and 2, 4, 7, and 14 days after t he app lication 
period. Untreated skin and skin treated with Purpose Dry Sk in Cream 
served as cont rols. Sites treated with the dry skin cream showed no 
evidence of atrophy. 
Light Microscopy 
One- half of eac h specimen was fixed in 10% forma lin, and stained 
with hematoxylin a nd eosin. Additional paraffin sections were stained 
with Hale's colloidal iron for acid mucopolysacchrides [10]. 
One-micron plastic sections were stained with 1% toluidine blue, 
some were coun te rstained with 2% basic fuchsin. 
'l'ra.n smission Elecl'ron Microscopy 
One-half of each specimen was fixed by immersion in Karnovsky's 
fixat ive [ 11] a nd processed for transmission electron microscopy [ 4 j . 
Thin sections were cut with a diarr)ond knife on a Porter-Blum MT-2 
ul t ramicrotome, stained with a 7% saturated a lcohol ic solut ion of 
uranyl acetate for 30 min in the dark, a nd counterstained in a 0.02% 
solu t ion of bismut h subni t rate diluted 1:50 for 30 min. Sections were 
then examined in a Hi tachi 12 B e lectron microscope. 
Histometric Analysis 
Measurements of t he viable epidermis were made on hematoxylin 
a nd eosin-stai ned sections using a Magiscan Image Analyzing Com-
puter as previously de cribed [12]. Histometric measurements were 
a lso made of ground substance on Hale's co lloidal iron -stained sections. 
Care was ta ken to cut 5-,.lln sections perpendicu la r to the surface. 
Multiple blocks were sampled from the same biopsy. 
Immunofluorescent Detection of Lan.gerhans Cells 
A small portion of fresh t issue was embedded in OCT Embedding 
Compound (American Scientific Products), cut at 6 I'm at -2o· c , and 
fixed for 10 min in cold acetone. Full -thickness sections were incubated 
for 30 min at room temperature in a chamber conta ining a satu rated 
amount of the monoclonal a ntibody Leu 6 (Becton Dickinson Mono-
clona l Center Inc., Mountain View, Californ ia). Following 3 rinses wi th 
cold phosphate-buffered saline (PBS), a saturated amoun t (1:100 final 
di lu t ion) of aflini ty-pure fluorescein isothiocyanate-conjugated {F/ P-
G.O) goat. ant imouse lgG (Becton Dickinson Monoclonal Center Inc.) 
was laye red on the s lide for 30 min. Following 3 rinses in PBS, the 
slides were briefly dipped in distilled wate r, allowed to air dry, overlayed 
wi t h 30% glycerol in PBS, coverslipped, and then read on a Leitz 
Dialux 20 Orthoplan fluorescent microscope. 
RESULTS 
Clinical s igns of atrophy (telangiectasia and t ransparency) 
were noted in all 4 subjects by 2 weeks. Atrophy was most 
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EPIDERMI S severe by 6 weeks, wi t h marked t hinning. One day after stop-
ping t he ste roid, a brisk redness developed, extending beyond 
t he borders of t he test sites. Inflammation intensified over t he Days 0 to - 2 
next few days, showing bright erythema, scaling, cracking, and 
even fissures. By 1 week t here was intense scaling a nd dryness. 
T hereafter clearing was fa irly rapid until by 14 days only scaling 
and roughness remained. T he skin was almost norma l excep t 
for hyperpi gmentation. 
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L igh t m icroscopy: Immediate ly after remova l (day 0) t h e 
epidermis was exceedingly t hinned wit h only 2- 3 cell layers 
(Fig lB ). Epidermal cells were irregular in size and shape wit h 
severe loss of normal organization. The horny layer was a lmost 
totally lost. Wit h t he microspectrophotometer, viable epiderm a l 
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F IG l. Sequence of epidermal changes poststeroid. Bar = 0.25 mm. A, Control. Normal epide rmis(£) showi ng basa l (8) , spinous (S), gra nular 
(G), and horny (H ) laye rs. Horny laye r displays typ ical "basket-weave" appearance. B, Day 0. Viable epidermis ( VE) is extremely t hin and 
flatte ned with small ce lls having da rk , shrunken nuclei. The horny laye r is virtua lly ab lated a long wi th an absent granula r layer. C, Day 2. Viab le 
epidermis ( VE) is increased in t hickness with la rger cells of irregula r sizes and shapes. Basal ce lls (B) have la rger nuclei. Melanocytes (M) a re 
mo re dense, small er, with pyk notic nuclei and clear cytoplasms. A t hin parakeratotic horny laye r ( H ) is re-forming. In te rcellula r spaces (arrow) 
a re widened. G, gra nula r laye r. D, Day 4. Viable epidermis ( VE) is hype rplastic wit h la rge irregula r cells showing no rmal pola ri ty. Basal cells 
(B) a re la rge and cuboida l. Melanocytes (M) a re less conspicuous. Mitotic li gures (/) ) a re inc reased. Gra nula r (G) and pa rake ratotic ho rny (H ) 
laye rs a re prom inent. Parakeratosis (a r rowhead) is prom inent and inte rcellular spaces (arrow) a re still widened. E, Day 7. Viab le epide rmis 
( V /i) is marked ly hyperp lastic with la rge ce lls conta ining we ll -defin ed nuclei. The ho rny laye r (H ) while still pa rt ia lly pa ra keratotic, has begun 
to display the typ ical basket-weave appea rance. F, Day 14. Viable epide rmis ( VE) is still t hicker t han cont rol as is t he granula r layer. Horny 
layer (H ) appears simi la r to contro l. 
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t hickness was reduced from a control value of 70 pm to 24 pm, 
a decrease of 66% (Table I) . 
No Langerhans cells were detected eit her by immunofluores-
cent staining or by electron microscopy. 
After 2 days, t he viable epidermis showed 2-fold increase in 
t hickness, with hyperplastic cells (Fig l C). The basal cells were 
cuboidal , containing a large nucleus and several prominent 
nucleoli. The in tercellular spaces were widened, especially in 
t he basal layer. Melanocytes were numerous, with prominent 
TABLE 1. Change8 in viable epidermalthiclmess (VET) with time after 
removal of Derrnoxin 
VET (microns) 
Subject 
Cont rol Days 
0 2 4 7 14 
A 68 ± 5 30 ± 10 38 ± 4 52± 4 66 ± 8 55± 5 
B 72 ± 7 32 ± 5 50± 4 125 ± 14 153 ± 18 80 ± 9 
c 73 ± 5 25 ± 5 57± 8 80 ± 7 128 ± 14 84 ± 8 
D 70 ± 3 10 ± 70 ± 9 82 ± 12 123 ± 14 106 ± 14 
clear cytoplasm around darkly staining nuclei. The granular 
layer, absent at day 0, was beginning to return. A very thin , 
parakeratotic horny layer was evident. 
Electron microscopy: After 2 days most basal keratinocytes 
had prominent nuclei with dispersed chromatin and several 
nucleoli. The cytoplasm was strikingly filled with free ribo-
somes, mitochondria, rough endoplasmic reticulum, and Golgi 
apparatus (Fig 2). Tonofilaments were sparse and melanosornes 
could not be found. Sometimes tonofilaments appeared to be 
detached from t he desmosomes, clustering around t he nucleus. 
The keratinocytes seemed to be retracting from each other, 
attached focally at t he desmosomes. This resul ted in wide 
intercellula r spaces. Keratohyaline granules were abundant in 
the uppermost cells. 
Langerhans cells were absent from both t he day 0 and 2 day 
specimens. 
Days 4-5 
Light microscopy: The viable epidermis was almost 4 times 
t hicker (Table I, Fig lD). Basal cells changed from cuboidal to 
FIG 2. E lectron micrograph of epi -
dermis 2 days poststeroid. T he intercel-
lula r spaces between basa l (B) and su-
prabasal (SB) cells a re widened. T he 
horny laye r (H) is exceedingly t hin and 
t he granula r laye r (G) is one cell th ick. 
Bar = 1 )1m. Jn.~et, High magnification 
of a portion of 2 basal cells showing high 
density of ribosomes (R) and absence of 
keratin filaments. Nucleus (N) has 
finely dispersed chromatin. The inter-
cellular space (1) is widened but ce lls a re 
still attached at desmosomes (D). Bar= 
1)llll. 
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a more elongate shape, though orderly patterning of the spinous 
cells was sti ll absent. Intercellular spaces were still widened. 
Dark cells were prominent in basal and suprabasal regions of 
the epidermis (Fig 3A ). 
A prominent granular layer was present along with a multi-
layered, parakeratotic horny layer. 
Electron microscopy: Keratin filaments were more conspicu-
ous in basal cells, which were more columnar (Fig 4) . Intercel -
lular spaces between basal and spinous cells were considerably 
wider than after 2 days. 
There were two kinds of dark cells wit hin the basal and 
suprabasal regions. The first was small , had an irregular, pyk-
notic nucleus, conspicuously clumped fi laments, and a con-
densed cytoplasm filled with ribosomes (Fig 3B). This type was 
highly prominent at day 0. The second was characterized by a 
round nucleus surrounded by electron-lucent spaces; the cyto-
plasm was almost exclusively filled with densely packed ribo-
somes. Varying amounts of filaments were present (Fig 3C). 
The granular layer was 5-6 cell layers thick (Fig 4). Mem-
brane-coating granules were numerous and remnants of dis-
charged lame llae were easily recognized in the intercellular 
spaces between the uppermost granular cells. Horny cells were 
tightly packed and contained remnants of nuclear material 
embedded in t he filment matrix complex. 
Days 7- 14 
Light microscopy: After 1 week, the viable epidermis was 117 
1-Lm thick, a 67% increase (Table 1). Hyperplasia was evident, 
alt hough cellular disarray could still be seen (Fig 1E). Basal 
FIG 3. A, One-micron plastic section 4 days poststeroid. "Dark ce lls" 
(arrows) are prominent and numerous in the lower portion of the 
epidermis(£). D, dermis. Bar= 25 J.lm . B, Electron micrograph of dark 
ce ll - type most. prevalent. at day 0. The "dark ce ll " has a n irregular, 
pyknotic nucleus (N ), clumped fil ame nts (F), and condensed cytoplasm 
filled primari ly with ribosomes (R) . Many vesicles ( V) a re seen as well 
as prom inent spaces around the nucleus (arrow). L, light staining 
keratinocyte. Bar = 1 J.lm. C, Electron micrograph of da rk ce ll - type 
most prevalent at day 4. Proliferative undifferentiated type of da rk ce ll 
with cytoplasm almost. completely fill ed with ribosomes (R). 1'onolila· 
ments (F) a re sparse. N, Nucleus; L, light sta ining keratinocyte. Bar 
= l J.lm. 
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cells were more columnar and the in tercellular spaces almost 
normal. The numbers of dark cells had decreased considerably. 
The granular layer appeared normal and the stratum corneum 
displayed t he typical basket-weave appearance. Some foci of 
parakeratosis were still appa rent. 
By 14 days the epidermis was still hyperplastic but the cells 
were essentially normal (Table I, Fig 1F) . 
Electron microscopy: By 7 days, t he cytoplasm of the basal 
cells was tilled with the usual organelles (i.e., ribosomes, rough 
endoplasmic reticulum, mitochondria, Golgi apparatus) as well 
as large bundles of keratin fil aments (Fig. 5). Melanosomes 
reappeared within keratinocytes and melanocytes (Fig 5). The 
intercellular spaces between adjacent basal and spinous cells 
were about normal in width. Spinous, granular, and horny cells 
were comparable to the 4-day specimens. 
By 14 days, the epidermis was not different except for a 
dramatic increase in keratin filament bundles and melanosomes 
in the basal keratinocytes. Langerhans cells reappeared. 
DERMIS 
Ground Substance 
Two days after stopping of the steroid, some Hale's staining 
material had begun to reappear (Fig 6A,B). The quantity t here-
after increased strikingly and was comparable to untreated skin 
by 14 days (Fig 6C-E). By microspectrophotometry a 4-fold 
increase occurred within 4 days, reaching a normal value by 14 
days. 
Fibroblasts 
Concomitant with t he rapid increase in Hale's-stainable ma-
terial, t he cytop lasm of t he atretic fibroblasts enlarged mark-
edly, showing many free ribosomes and numerous profiles of 
dilated rough endoplasmic reticulum containing a fine floccu -
lent material (Fig 7) . The density of fibroblasts did not change. 
F locculent material also was observed outside the fibroblast 
that appeared similar to material within the cisternae of the 
endoplasmic reticulum. 
Vessels 
Throughout the rebound period (0- 14 days) t he vessels were 
dilated and packed with red blood cells. These were mainly 
postcapillary venu les. Vessels were also more prominent during 
the middle and late stages of rebound (Fig BA,B ). The basement 
membrane region was not a ltered; it was not reduplicated and 
there were no gaps between endothelial cells. 
Cell I nfiltra.te 
The cellular infiltrate was relatively sparse and only slightly 
increased relative to controls. It was primarily perivascular and 
periappendageal, consisting mainly of lymphocytes and mono-
cytes. However, macrophages were increased in number and 
contained considerable amounts of primary and secondary ly-
sosomes, which conta ined clumps of stage IV melanosomes. 
DISCUSSION 
The striking erythema, scaling, cracking, and fissuring that 
inevitably follows steroid discontinuance reflects vascular pro-
liferation, vasodilation , and a vigorous ep idermal hyperplasia. 
The dermal cellular infiltrate accompanying this flare was 
relatively sparse. Overall cutaneous restitution was dramati-
cally rapid; the epidermis and dermis were practically normal 
by 14 days. Swift changes in basal epidermal cell and fibroblast 
fine structure heralded t his recovery, signifying rapid clearance 
of the ste roid from t he skin. This contrasts to intradermal 
steroids which persist, along with clinical atrophy, for many 
months [13]. 
In the immediate poststeroid period (0- 2 days), most basal 
epidermal cells had a "primitive" appearance, being small , 
round, and primarily filled with ribosomes. Keratin filaments 
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were sparse. These features are typical of rapidly proliferating 
cells [14-17] . The exuberant epidermal hyperplasia not only 
reflects repair of the atrophic, suppressed epidermis after alle-
viation of an antiproliferative agent, but is similar to t hat 
which occurs after procedures that eliminate the stratum cor-
neum barrier (18,19]. This is undoubtedly a response to desic-
cation, and could have been anticipated since no functional 
"barrier" remains after prolonged steroids (20]. Within 7 days, 
basalar epidermal cells regained their characteristic fine struc-
t ural features, and the overall viable epidermis displayed a 
" n ormal" organization, albeit thickened. Likewise, t he stratum 
corneum had a normal basket-weave appearance. Measure-
ments of transepidermal water loss confirmed the restoration 
of a functional barrier. From an 8-fold increase 1 day after 
removal of Dermoxin , diffusional water loss returned to normal 
within 8- 11 days (P. Lehmann, unpublished observations). An 
impaired barrier has far-reaching consequences for t he under-
lying tissues. We recently observed (unpublished observations) 
that t he inflammatory response after tape stripping can be 
greatly reduced by applicat ion of an occlusive material like 
petrolatum. It is well known t hat prevention of desiccation of 
F IG 4. Electron micrograph 4 days 
poststeroid. All the cells are separated 
by widened in tercellular spaces (I) . 
Basal cells (B) are more columnar. The 
epidermis is hyperplastic with a thick -
ened granular layer (G). SB, suprabasal 
cells. Bar = 2 11m. Inset, High magnifi -
cation of basal cells showing columnar 
shape and prominent fil ament bundles 
(F). Bar= l 11m. 
wounds by occlusive dressings facilitates wound healing [21-
23]. 
Two types of dark cells were seen during epidermal hyper-
plasia: (i) t he dyskeratotic cells described by Breathnach [24], 
and (ii) t he ribosome-rich cells desribed by Raick [25] and 
Klein-Szanto et a! [26,27]. The dyskeratotic type was most 
prevalent immediately poststeroid and is a feature of steroid 
atrophy (4]. The ribosome-rich cells peaked after 4- 5 days, 
t hen diminished swiftly. Such cells are rare in normal human 
epidermis [26] and have not been reported in association wit h 
hyperplasia. However, in murine epidermis, the ribosome-rich 
dark cell is typical of t he hyperproli fe rative state, particularly 
after application of tumor-promoting agents [25,27,28]. This is 
t he basis of t he hypothesis that dark cells are a marker of the 
t umor-inducing capacity of promoters [29]. Furthermore, it has 
been suggested t ht t he ribosome-rich dark cell may represent a 
subpopulatio n of keratinocytes specifically engaged in prolif-
eration [30]. 
In t he poststeroid dermis, hyperactivity of fib roblasts was 
evidenced by widely dilated endoplasmic reticulum filled with 
flocculent material. Concomitant with t heir hypersecretory pro-
350 ZHENG ET AL 
FIG 5. Electron micrograph 7 days poststeroid. The epidermal ce lls have a near-normal internal 
structure wit h large bundles of fil aments (F). Melanosomes are present in both keratinocytes and 
melanocytes. Bar = 1 ;tm . 
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FIG 6. Sequence of restitution of de rmal glycosaminoglycans poststeroid as revealed by the reappearance of Hale's-stainable material (blue 
coloration). E, epidermis; D, dermis. Bars= 20 J.lm. A, Day 0; B, 2 days; C, 4 days; D, 7 days; E , 14 days. 
files was a rapid increase in glycosaminoglycans, reaching nor-
mal levels in 14 days. The prompt restitution of ground sub-
stance reflects its higher turnover (10]. Telangiectasia, one of 
the most characteristic featu res of atrophy and early rebound, 
probably reflects the loss of perivascular ground substance, 
a llowing distention of the vessels by rheological changes in the 
basement membrane zone [31]. 
Number and morphology of papillary vessels has been shown 
to alter according to t he thickness of the epidermis (32]. Thus, 
the prominence of vessels during rebound probably represents 
Fir. 7. Fibroblast. poststeroid display-
ing widely dilated cisternae of endo-
plasmic reticulum (ER) filled with noc-
culent material (arrow). Note Oocculent 
material a round periphery of fibroblas\. 
Bar= 1 11111 . lr~~el, High magnification 
of rough endoplasmic reticulum. Bar = 
0.2 ;tm. 
new vessel formation to meet the requirements of the hyper-
plastic epidermis. Alternatively, the increased number of ves-
sels might be explained by capillary elongation and distort ion . 
Finally, it is important to note that Dermoxin completely 
obliterated the population of Langerhans cells. This observa-
t ion differs from that of Berman et al [33). However, they used 
a much weaker steroid (triamcinolone) without occlusion for 
less than 2 weeks. Repopulation of Langerhans cells within 2 
weeks correlates with similar findings in guinea pigs after 
betamethasone valerate [34]. The depletion of antigen-present-
352 ZHENG ET AL 
ing cells expla ins t he inability to induce sensitization to DNCB 
in steroid-treated s kin [35). 
We wou ld like to thank Dora Dogadkin , Ma rilyn Salscheider, and 
William Witmer for their excellent technical assista nce. 
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